In tropical countries such as Indonesia and Malaysia, the empty fruit bunches are wastes of the oil palm industry. The wastes are abundantly available and has reached a level that severely threats the environment. Therefore, it is a great need to find useful applications of those waste materials; but firstly, the mechanical properties of the EFB fiber should be quantified. In this work, a small tensile test machine is manufactured, and the tensile test is performed on the EFB fibers. The results show that the strength of the EFB fiber is strongly affected by the fiber diameter; however, the fiber strength is relatively low in comparison to other natural fibers.
Introduction
In tropical countries such as Indonesia and Malaysia, oil palm, Elaeis Guineensis, produces fruits that have high economical value. Physically, the fruits have red color, and they grow in bunches as shown in Fig. 1 . Typically, every 100 kg of fruit bunches produces 22 kg of palm oil and 1.6 kg of palm kernel oil (1) . Therefore, after the fruits are ripped from the 
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Vol. 3, No.7, 2009 bunches, large quantities of bunches, called the empty fruit bunches (EFB), are produced (see Fig. 2 ). In Malaysia, where 47 % of the world's supply of palm oil are produced, the abudance of EFB severely threats the environmental. Similar problem happens in Indonesia where 36 % of the world palm oil volume are produced. Therefore, it is a great need to be able to develop a new methodology to further use those excessive side products.
The fresh EFB from the mill usually contains 30.5 % lignocellulose, 2.5 % oil, and 67 % water; and the main constituents of the lignocellulose are cellulose, hemicellulose, and lignin. Those constituents are physically hard and strong. Hence, the EFB basically possess qualities promising for further applications. In Malaysia, for an example, the EFB has been used to produce a medium density fiberboard (MDF) (2) . However, to be able to further use the EFB fiber, particularly for an engineering application, it is necessary to quantify the fiber mechanical properties. Therefore, in this work, a small tensile testing device is manufactured, and a tensile test is performed on the EFB fibers. The results are reported in this paper.
Morphology of the EFB Fiber and Experimental Method

The Fiber of the Empty Fruit Bunch
The fibers in the EFB have various lengths, and on each fiber, the diameter varies from one end to another where the largest diameter is located around the middle. Therefore, prior each test, the diameter of each specimen is measured using a digital microscope. The results, in term of the cross-section area, are shows in Fig. 3 . Although the diameter varies from specimen to specimen, but the gage length is fixed to 10 mm for all specimens. Detail morphology of the EFB fiber can also be found in Ref. (3) .
Before the experiment, the EFB fibers were emerged into NaOH solution of 0.4 % for several hours, washed with fresh water, and finally, dried at room temperature.
Experimental Apparatus
The small tensile testing machine (4) as shown in Fig. 4 is manufactured to quantify the mechanical properties of the EFB fiber. The machine mainly consists of two transducers, the specimen grip system, and the loading system. The first transducer is a pair of strain gages that arranged in an half bridge of the Wheatstone bridge. This pair of gages is used to measured the applied load. The second transducer is a laser sensor that placed such that the specimen displacement can be measured accurately. The both transducers are connected to a data acquisition system. Therefore, the developed small tensing machine allows us to record the both applied load and specimen displacement simultaneously. The specimen grip system, enlarged in Fig. 5 , allows us to easily install the specimen into the machine. Before installation, each specimen ends were bonded to a double-sided tape and Materials Engineering Vol.3, No.7, 2009 Fig . 3 The measured cross-section areas. made of butyl rubber. The rubber reduces the stress concentration near the gripping system; thus, possibility of fracture on the specimen near the gripping system can be reduced.
Finally, the machine has a very simple loading system. In the loading system, one of the two grips is connected to a strong wire-rope such that the load can be applied manually by rotating the lever.
Observation and Experimental Results
The tensile test was performed on more than 80 specimens, but about 50 % of the specimens were broken near the grip. Therefore, only about 40 specimens provided acceptable experimental results. Following are the results in term of the general EFB fiber fracture behavior, the Young modulus data, the ultimate tensile strength data, and assessment on the experimental apparatus. Then, the results are compared to the mechanical properties of some natural fibers.
The most important finding from this work is that we found the fracture behavior of the EFB fiber is rather brittle, and is almost similar to fracture property of many synthetic fibers. All load-displacement diagrams recorded in the tests showed that the applied load linearly
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The second important finding is the elastic modulus of the EFB fiber. The data of the measured Young modulus of 43 specimens are presented in Fig. 6 . In addition, the data are presented in a histogram in Fig. 7 . The histogram is rather normally distributed with an average of 11.88 GPa. However, the data are quite scatter with a standard deviation of 3.06 GPa, or about 26 % of the average data.
The third important finding is the ultimate strength of the EFB fiber. The measured ultimate strengths are presented as a function of the specimen number in Fig. 8 , as a histogram in Fig. 9 , and as a function of the specimen diameter in Fig. 10. Figure 9 shows that the data are normally distributed where the average of the ultimate strength data is 156.3 MPa, and the standard deviation is 69.18 MPa, or 45 % of the average data. Therefore, the variation of the ultimate strength is higher than that of the measured Young modulus. However, unlike the measured Young modulus, Fig. 10 shows that the measured ultimate strength data are strongly affected by the specimen diameter. Furthermore, the figure seems to indicate that the data can be divided into three groups according to their diameter. In the first category is the The divisions of the fibers into three groups above have a number of advantages. As shown in the figure, the first advantage is that the data in each group are less scatter than the whole data. Therefore, by carefully selecting the fibers on the basis of their diameter, one may further use the EFB fibers to produce a composite structure having a rather consistent mechanical property. In addition, one also may select the fibers that meet their strength requirement. However, the above divisions are not restrictive, but merely to provide characteristics of the strength of the EFB fiber.
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The effect of the fiber diameter can clearly be understood by observing the structure of the fiber across its cross-section area. The cross-section areas of the fibers having small, medium, and large diameters are shown in Figs. 11-13. Those picture shows that the fiber having larger diameter is also having large void inside; therefore, the fiber becomes weaker. In addition, the non uniform cross-section area also affected the measured Young modulus. Upon the application of load, the measured specimen displacement does not fully represent a uniform strain across the gage length, but it was mainly governed by the localized strain in the 
Vol. 3, No.7, 2009 Fig. 12 SEM image of the cross-section of the medium diameter. smallest cross section area within the gage length. Therefore, the measured Young modulus also became less certain due to the variation of the void in the specimen.
Herein, we assess the manufactured small testing machine and its impacts on the measured experimental data. Since the scatter band of the measured ultimate strengths is bigger than that of the measured Young modulus, we speculated that the current gripping system might play a dominant role in this issue. Despite of anything, it is clear that designing a good gripping system is very difficult for this type and size of the specimen. By considering another fact that 50 % of the specimens were broken near the grip, in addition to the previously mentioned facts, one might suggest that the stress in the specimen was not fully uniform during the application of load, and the stress concentration likely took place in the specimen. Furthermore, this fact renders the measured data in two ways. The first is that the measured results would be highly scatter as shown above, and the second is that the exact ultimate strength of the EFB material could be higher than that recorded in the experiments.
To obtain an accurate data of the ultimate strength, the gripping system should introduce the stress into the specimen gradually, and clearly that the current gripping system performed poorly in introducing the stress. One possible solution is to use capstan gripping style instead of the clamped gripping system as used in the present testing system. In a capstan gripping system, the fiber wraps around the capstan such that upon the application of load, the fiber tightens onto the capstan. In such a condition, the load in the fiber will be transmitted gradually into the capstan grip. However, the capstan gripping system also has some limitations. The capstan gripping style requires the fiber to be sufficiently soft and long to wrap around the capstan. For the EFB fiber case, a fiber length of 250 mm can be easily extracted from the bunch. Therefore, such a gripping system will be adopted for a future work. Vol.3, No.7, 2009 In comparison to the other natural fibers, see Table 1 , the EFB natural fiber seems to possess a low tensile strength; however, its tensile modulus is rather conservative among the natural fibers. Although majority of the natural fibers mostly contain cellulose, but they have rather different micro structure particularly the EFB fiber, which significantly affects its strength. Law et al. (3) reported that the micro structure of the EFB fiber surface is rich with silica bodies of size 5-10 μm, and those silica bodies are fully perforated the fiber wall, which seems to indicate that those silica bodies existed since early development of the fiber. The richness of the holes due to the existence of those silica bodies seems to weaken the fiber from mechanical perspective.
Conclusions
The recent research on the mechanical properties of a natural composite of the empty fruit bunch fiber has provided insights of the fiber tensile strength and its elastic modulus. In comparison to the other natural fibers, the EFB fiber possess a relatively low strength, but a conservative elastic modulus. Current findings suggest that the EFB fiber will be useful for engineering application with moderate loading condition.
Regardless the strength of EFB fiber, one common behavior that exists in natural fibers, which was also observed from the current experiments, is their mechanical properties usually much more scatter than those of synthetic fibers. In the case of synthetic fibers, the fiber is produced in a well controlled environment such that the fiber is almost free of imperfections. Therefore, those fibers have more consistent properties.
In testing a composite fiber in general, the gripping system plays an important factor particularly to the measurement of the ultimate strength. Therefore, the gripping system should be designed such that the load from the grip is gradually introduced into the fiber.
